Introduction
This paper extends classical results in the invariant theory of finite groups and finite group schemes to the actions of finite Hopf algebras on commutative rings. Suppose that H is a finite dimensional Hopf algebra and A a commutative algebra, say over a field K. Let δ : A → A ⊗ H be an algebra homomorphism which makes A into a right H-comodule. In this case A is called an H-comodule algebra. The coaction of H on A corresponds to an action of the dual Hopf algebra H * . For technical reasons all results in this paper are formulated in terms of coactions. The situation where H is commutative can be described geometrically by giving an action of the finite group scheme G = Spec H on the scheme X = Spec A. The subring of G-invariants A G ⊂ A represents then the quotient scheme X/G. A fact of fundamental importance states that A is an integral extension of A G . In case of ordinary finite groups this classical result goes back to the work of E. Noether. The question of whether a similar assertion is true for a noncommutative H was posed by Montgomery [20, 4.2.6] . Shortly afterwards Zhu [30] succeeded in verifying two special cases and constructing a counterexample in general.
The first objective of the present article is to investigate the integrality of A over A H more thoroughly (here A H stands for the invariants of the given coaction). A part of the argument given in [7] and [22] for commutative H carries over without problems. Since A is commutative, A ⊗ H can be regarded as an A-algebra with respect to the action on the first tensorand. Since A ⊗ H is free of finite rank over A, with each element u ∈ A ⊗ H one can associate its characteristic polynomial P A⊗H/A (u, t) ∈ A[t]. Letting P A⊗H/A (δa, t) = for a ∈ A, where n = dim H, one has c n = 1 and
Preliminaries
We fix a few notations for the whole paper. Assume that K is a commutative ring, H is a Hopf algebra over K whose underlying K-module is finitely generated and projective, and A is a commutative right H-comodule algebra. We will consider mainly right comodules, and the prefix "right" will be omitted. All tensor products, when the base ring is not indicated, are taken over K. The comultiplication, counit and antipode in H are denoted as ∆, ε and σ, respectively. We write symbolically ∆h = (h) h ′ ⊗ h ′′ and (∆ ⊗ id)∆h = (h) h ′ ⊗ h ′′ ⊗ h ′′′ for h ∈ H. For every H-comodule M denote by δ : M → M ⊗H the corresponding structure map. In particular, δ : A → A ⊗ H is a homomorphism of unital algebras. Denote by M H ⊂ M the K-submodule of invariants. Thus M H = {v ∈ M | δv = v ⊗ 1}. Clearly A H is a subalgebra of A. Next, M This lemma will be used in two cases. If S = {s i | i ≥ 0} where s ∈ A H then the localizations are denoted as A s and M s . If S = A H q where q ∈ Spec A H then the notations are A q and M q .
An ideal I of A is called H-costable if δ(I) ⊂ I ⊗ H. This makes sense since I ⊗ H is embedded into A ⊗ H by the K-projectivity of H. If I is H-costable then δ : A → A ⊗ H induces a ring homomorphism A/I → A/I ⊗ H which makes A/I into an H-comodule algebra. If q ∈ Spec K then H q = K q ⊗ H is a free module over the local ring K q . Denote by rk q H its rank. If rk q H does not depend on q, then H is K-projective of constant rank. 
This gives the first three isomorphisms of the lemma. Similarly, A ⊗ H ∼ = (A i ⊗ H i ) and the map δ : A → A ⊗ H is compatible with the cartesian products. Hence the assertion about A H .
As is well known, the dual H * = Hom K (H, K) of H is a Hopf algebra in a natural way. The H-comodule structures are in a bijective correspondence with the left H * -module structures [24, Prop. 1] . The operator giving the action of ξ ∈ H * on an H-comodule M can be written as the composite with H and H * interchanged the set of left integrals P (H) = {x ∈ H | hx = ε(h)x for all h ∈ H} is a rank one projective K-module and the map H
A reduction of the base ring to a field is one of our tools. We will need several facts from earlier work. Assume until the end of this section that K is a field and H is a finite dimensional Hopf algebra. A left (respectively, right) coideal subalgebra B ⊂ H is a subalgebra satisfying ∆(B) ⊂ H ⊗ B (respectively, ∆(B) ⊂ B ⊗ H). If H is cocommutative then the two inclusions are equivalent to one another, and so every left coideal subalgebra of H is a Hopf subalgebra. The next result is due to Masuoka [18 
is equivalent to the category of C-modules. This is a version of Masuoka's result [18, (2.10) ] where a similar relationship between the right coideal subalgebras in both H and H * is described. One connects the two formulations by taking the opposite multiplications in A and H and applying [18, (1.1), (1.2)].
Characteristic polynomials and integrality over invariants
Suppose that A is any commutative ring and U is an associative A-algebra such that U is projective of constant rank n as an A-module. In this case one can define the norm N U/A (u) ∈ A for every u ∈ U [3, Ch. III, §9], [4, Ch. II, §5, Exercise 9]. In fact, if U has a basis e 1 , . . . , e n over A, then ue j = n i=1 a ij e i with coefficients in A, and N U/A (u) is the determinant of the square matrix with entries a ij , 1 ≤ i, j ≤ n. In general one can pass to localizations U s and A s with respect to multiplicatively closed subsets {s i | i ≥ 0} where s ∈ A. There exist a finite number of elements s 1 , . . . , s m ∈ A which generate the whole A as an ideal and such that U si is free of rank n over A si for each i = 1, . . . , m. If u i denotes the image of u in U si , then N Us i /As i (u i ) ∈ A si is defined, and any two of these norms corresponding to a pair of indices i, j have the same image in A sisj . Then this collection of elements in localizations can be glued to an element N U/A (u) ∈ A using the well known exact sequence
The characteristic polynomial of u is obtained by adjoining an indeterminate t as
In particular, (−1)
The well known properties of the characteristic polynomials and the norm are listed below:
where γ : A → B is a homomorphism of commutative rings and γ t :
is its extension such that t → t;
(P4) If V ⊂ U is an A-subalgebra such that V is projective as an A-module and U is free, say of rank r, as a left V -module, then P U/A (u, t) = P V /A (u, t) r for every u ∈ V ; (P5) If a ∈ A then P U/A (a, t) = (t − a) n ;
(P6) If A is a field and dim A U = n, then the equality P U/A (u, t) = t n is a necessary and sufficient condition for u ∈ U to be nilpotent; (P7) An element u is invertible in U if and only if N U/A (u) is invertible in A. Suppose further that A is a commutative H-comodule algebra as was specified in section 1. Given a ring homomorphism α : A → E into a field E, define
where δ α is the composite
Proof. Since δ is a ring homomorphism, so too is δ α , whence A α is a subalgebra of E ⊗ H. Formula (2.3) is seen from the commutative diagram
Hence A α is a right coideal.
Remark. One can also view E ⊗ H as an H-comodule algebra with respect to ∆ E and A α as its H-comodule subalgebra. Formula (2.3) says that δ α : A → E ⊗ H is a homomorphism of H-comodule algebras. The ring A ⊗ H contains A ⊗ 1 in its center. Hence we may view A ⊗ H as an A-algebra using the canonical homomorphism A → A ⊗ 1. Since H is finitely projective K-module, so too is A⊗H as an A-module. If H is a projective K-module of rank n, the A-module A ⊗ H has rank n as well. In this case the characteristic polynomial P A⊗H/A (u, t) ∈ A[t] is defined for every u ∈ A ⊗ H.
The conclusion of this proposition means, in particular, that the first polynomial has all coefficients in K ⊂ B.
Proof. We regard B ⊗H as a B-algebra in accordance with the previous explanation. By Proposition 1.5 H is free over B with respect to the action by left multiplications.
We will prove first that B ⊗ H is a free C-module of rank r with respect to the action by left multiplications.
Define Φ : B ⊗B → B ⊗H by Φ(a⊗b) = (a⊗1)·∆b for a, b ∈ B. Then Φ is a ring homomorphism and Im Φ = C. Since B is commutative and H is a free B-module of finite rank, B is a B-module direct summand of H [4, Ch. II, §5, Excersize 4].
Let ψ : H → B be a retraction, so that ψ(1) = 1 and ψ(bh) = bψ(h) for all b ∈ B and h ∈ H. Define Ψ :
for b ∈ B. This shows that Ψ • Φ = id. In particular, Φ is a ring isomorphism of B ⊗ B onto C. We have also B ⊗ H = C ⊕ ker Ψ. Both Φ and Ψ are B-linear with respect to the actions of B on the first tensorands. Then C is a B-module direct summand of B ⊗ H. Let n be a maximal ideal of B and E = B/n its residue field.
The embedding of C into B ⊗ H induces an injective homomorphism of E-algebras
The image of the latter coincides with B β where β : B → E is the canonical projection and B β is defined as in (2.1). By Lemma 2.1 B β is a right coideal subalgebra of E ⊗H, and by Proposition 1.5 E ⊗H is free over B β . Now the reduction of Φ modulo
We see that the hypotheses of Lemma 2.2 are fulfilled for M = B ⊗ H, yielding the desired freeness. Let b ∈ B, and so ∆b ∈ C. Applying successively (P4), (P2), (P3) and (P4) again, we find
Proof. Apply Proposition 2.3 to the Hopf algebra E ⊗ H over the field E and its right coideal subalgebra B = A α (see Lemma 2.1).
When H is K-projective of constant rank, we say that A has invariant characteristic polynomials if P A⊗H/A (δa, t) has all coefficients in A H for every a ∈ A. When the rank of H is not constant, we say that A has invariant characteristic polynomials if so do the H i -comodule algebras A i in the cartesian product decomposition of Lemma 1.2. In case of a commutative H the invariance of characteristic polynomials for any A was proved in [7, Ch. III, §12] and [22, Ch. III, §2]. If H is not commutative, additional assumptions are needed. The largest H-costable nil ideal of A will be called the H-radical of A. We say that A is H-reduced if its H-radical is equal to (0).
Theorem 2.5. If A is H-reduced or, more generally, if there exists a homomorphism of commutative H-comodule algebras
Proof. Consider first the case where A is H-reduced. The H i -comodule algebras A i in Lemma 1.2 are then H i -reduced too. So we may assume without loss of generality that H is K-projective of constant rank. Suppose that α : A → E is a ring homomorphism into a field E. Define δ α as in (2.2), and let λ α = ι • α where ι : E → E ⊗ H is given by c → c ⊗ 1. Both δ α and λ α take values in A α . We first prove that
(2.5)
If γ : A → A α is any ring homomorphism then
by (P3) since A α ⊗ A (A ⊗ H) ∼ = A α ⊗ H and the element 1 ⊗ u, where u ∈ A ⊗ H, corresponds under this isomorphism to (γ ⊗id)u ∈ A α ⊗H. In case γ = δ α , denoting b = δ α (a) and using (2.3), (2.4), we obtain
.
An application of (P3) for the ring homomorphism ι : E → A α yields
This can be rewritten in terms of the H * -module structure on A as ξc i − ξ(1)c i ∈ p for all ξ ∈ H * , or (H * ) + c i ⊂ p. These inclusions hold for every p ∈ Spec A since any prime ideal p is the kernel of a homomorphism into a field. Put J = AV where V = n i=0 (H * ) + c i . By the above J is contained in the nil radical of A. Since (H * ) + is an ideal of H * , it is clear that V is an H * -submodule of A, whence so too is J. In other words, J is an H-costable nil ideal of A. It follows that J = 0 by the assumption on A. Thus (H * ) + c i = 0, and so c i ∈ A H . If I is an H-costable ideal of A and π : A → A = A/I is the canonical projection then δ • π = (π ⊗ id) • δ, and so P A⊗H/A (δπa, t) = π t P A⊗H/A (δa, t) for every a ∈ A by (P3). This polynomial has all coefficients in π(A H ) ⊂ (A/I) H . Thus A/I has invariant characteristic polynomials.
Consider now the general case of Theorem 2.5. Suppose that ϕ is given. If ϕ is surjective, then we are done by the previous step. Otherwise consider the polynomial algebra
where X is any set of indeterminates. Extend δ :
′′ into an H-comodule commutative algebra. Denote by R the H-radical of A ′′ . Each f ∈ R is nilpotent, whence all coefficients of f are nilpotent [3, Ch. IV, §1, Prop. 9]. For every monomial y in x's denote by R y ⊂ A ′ the subset consisting of all elements occurring as a coefficient of y in some f ∈ R. Clearly R y is a nil ideal of A ′ . Since R is H-costable, so too is R y . It follows that R y = 0 since A ′ is H-reduced. As this holds for every monomial y, we conclude that R = 0. Thus A ′′ is H-reduced. We can extend ϕ to a homomorphism of H-comodule algebras ψ : A ′′ → A sending each x ∈ X to an arbitrary element of A H . Taking the set X big enough, we can thus obtain a surjective homomorphism ψ. As have been pointed out already, this suffices to complete the proof. Hi . We may assume therefore that H has constant rank n and m = dn for some integer d > 0.
Let π : A → A = A/I denote the canonical projection, and let a ∈ A be any representative of a. By (P3) and (P5)
and therefore the elements m j a j with j = 0, . . . , m belong to the subalgebra of A/I generated by the images of c 0 , . . . , c n .
Remark. In particular, a m is in the image of A H → (A/I) H for every a ∈ (A/I) H . This can be regarded as a geometric reductivity of finite Hopf algebras. Classically, the geometric reductivity is a property of a reductive algebraic group G over a field of characteristic p > 0 which serves as a substitute for linear reductivity [21] , [12] . One of its formulations is as follows: if G operates rationally on a commutative algebra A as a group of automorphisms and I is a G-stable ideal of A, then for every Ginvariant a ∈ (A/I) G there exists an integer m > 0 such that a m has a representative in A G . The geometric reductivity of finite group schemes is a byproduct of the norm [29] . 
Remark. If A is an algebra over a field of characteristic p > 0 then condition (b) is fulfilled since pA = 0.
The orbital subalgebras and the quotient map
For each p ∈ Spec A denote by k(p) the residue field of the local ring A p . The same notation will be used for commutative rings other than A. Let α p : A → k(p) be the canonical ring homomorphism. Denote by O(p) the commutative right coideal subalgebra A αp of the Hopf algebra k(p)⊗H over k(p) defined in (2.1). We call O(p) the orbital subalgebra associated with p. In geometric terms Spec O(p) is isomorphic with a closed subscheme of Spec k(p) × Spec K Spec A; when H is commutative and G = Spec H, this subscheme is called the G-orbit of p. Let δ p = δ αp as in (2.2). Thus δ p is a ring homomorphism
Lemma 3.1. The kernel of δ p is the largest H-costable ideal of A contained in p.
Proof. In view of Lemma 2.1 δ p is a homomorphism of H-comodule algebras. Hence ker δ p is an H-costable ideal of A. The composite of two arrows at the top of commutative diagram
Lemma 3.2. Let γ : A → B be a homomorphism of commutative H-comodule algebras, and let p = γ −1 (q) where q ∈ Spec B. Then:
Proof. Part (i) is seen from the commutative diagram below in which the composite of maps at the top equals δ p and that at the bottom equals δ q :
(iv) The hypothesis of (iii) is fulfilled, so that ϕ is an isomorphism. Repeating the arguments in (iii), we obtain, more precisely, that O(q) is spanned over k(q) by δ q (γa 1 ), . . . , δ q (γa d ) which are the images of 1
Remark. If B = γ(A)B
H and γ is an isomorphism k(p) ∼ = k(q), then O(p) ∼ = O(q). This is the case when B is either A/I with I an H-costable ideal of A or B = S −1 A with S a multiplicatively closed subset of A H and γ is the canonical homomorphism in both cases. The same is true when γ is a composite of homomorphisms of these two types.
The embedding A
H → A induces a map π : Spec A → Spec A H defined by the rule p → p ∩ A H for each prime ideal p of A. In the case when H is commutative, Spec A H coincides with the quotient Spec A/ Spec H considered in [7] , [22] . The known results describing the properties of π can be extended to noncommutative Hopf algebras H.
In 
Proof. In view of Lemma 1.2 the proof is reduced to the case where H is K-projective of constant rank n. H for all i. Note that c n = (−1) n N A⊗H/A (δa). As n i=0 c i a n−i = 0 (case (a) of Proposition 2.7), we have c n ∈ aA ⊂ p ′ . Hence c n ∈ q, and α p (c n ) = 0. On the other hand α p (c n ) = (−1)
n N k(p)⊗H/k(p) (δ p a) by (P3). By the choice of a the element δ p a belongs to none of m 1 , . . . , m s and therefore is invertible in O(p). Then δ p a is invertible also in k(p) ⊗ H, and (P7) shows that α p (c n ) is invertible in k(p), yielding a contradiction. Thus p ′ ⊂ p j for at least one j. Now p j ∩ A H = q by the previous step in the proof, and the integrality of A over
The subsets D a form a base of topology on Spec A. So it suffices to prove that π(D a ) is an open subset of Spec A H for each a. Let P A⊗H/A (δa, t) = n i=0 c i t n−i , so that c i ∈ A H for all i. Denote by I a the ideal of A H generated by c 1 , . . . , c n . We will show that
Suppose that p ∈ Spec A. If c 1 , . . . , c n ∈ p then a n = − n i=1 c i a n−i ∈ p, whence a ∈ p. Therefore a / ∈ p implies I a ⊂ p ∩ A H . Suppose that q ∈ Spec A H . Let p ∈ Spec A be any prime ideal lying above q. Denote by m 1 , . . . , m s all maximal ideals of O(p), and put p j = δ
Suppose that a ∈ p j for all j. Then δ p a ∈ m j for all j, whence δ p a is a nilpotent element of O(p). Property (P6) yields P k(p)⊗H/k(p) (δ p a) = t n . On the other hand P k(p)⊗H/k(p) (δ p a, t) = α t p P A⊗H/A (δa, t) by (P3), and it follows that α p (c i ) = 0, that is, c i ∈ p for each i = 1, . . . , n. Thus I a ⊂ q implies that a / ∈ p j for at least one j. This proves (3.2) , and the openness of π(D a ) is clear.
Part (iii) is an easy consequence of (i) and (ii). Denote by p 1 , . . . , p r ∈ Spec A all prime ideals lying above q ′ . For each j = 1, . . . , r consider the open subset U j ⊂ Spec A consisting of those prime ideals of A which do not contain p j . The 
( 
. By symmetry between p and p ′ there is also the opposite inequality, which gives
is 1 when i = j and 0 otherwise. Since H is a finitely projective K-module, we have
We can find therefore
(iii) Let U be as in (ii). Taking a smaller neighbourhood, if necessary, we may
Applying (i) with p ′′ in place of p, we get the desired conclusion.
(ii) The subset of all H-regular prime ideals is dense and open in Spec A.
to be H-regular, it is necessary and sufficient that so be p.
Proof. (i) Clear from Lemma 3.4(ii).
(ii) The openness property is clear from the definition. Suppose that U ⊂ Spec A is any nonempty open subset. Put m = max p∈U dim O(p). This maximum makes sense since dim O(p) ≤ n for every p where n is the number of generators for H as a K-module. The subset V = {p ∈ Spec A | dim O(p) ≥ m} is open by (i). Now U ∩ V is nonempty and consists of H-regular primes. This verifies the density property.
(iii) The equality of dimensions is proved in Lemma 3.4(i). If p is H-regular and s is as in Lemma 3.4 
Proof. If p
′ is any maximal ideal of A then p ′ ∩ A H = q since A is integral over A H . Then all maximal ideals of A are H-regular by Proposition 3.5(iii), and so are all prime ideals by (ii).
Projectivity over the subring of invariants
We say that A is H-simple if A has no nonzero proper H-costable ideals. Proof. The hypothesis means that A is a simple object of M H A . Every A-module endomorphism of A is obtained by the rule a → ca for some c ∈ A. In order that this map A → A commute with the coaction of H, it is necessary and sufficient that c ∈ A H . In other words A H is identified with the endomorphism ring of A as an object of M Proof. The H-radical of A is contained in every prime ideal of A. The hypothesis of the lemma implies therefore that A is H-reduced. By Theorem 2.5 A is integral over A H . Next, the ideal of A generated by p ∩ A H is H-costable and is contained in p. . In (ii) one first notes that the two functors are well defined; the H-comodule structure on N ⊗ A H A is given by means of the map
For every M ∈ M
′ and every A H -module N define By the hypothesis all prime ideals of A are H-regular. Taking s as in Lemma 3.4(iii) with respect to any chosen prime ideal of A and replacing A with A s , we reduce the proof to the case in which there exist a 1 , . . . , a d ∈ A such that for every p ∈ Spec A the elements δ p a 1 , . . . , δ p a d form a basis for O(p) over k(p). We fix a 1 , . . . , a d . Let us regard A ⊗ H as an A-module via left multiplications on the first tensorand. This module is finitely projective since so is the K-module H. Consider its submodule E ⊂ A ⊗ H generated by δa 1 , . . . , δa d . If p ∈ Spec A then the A p -module A p ⊗ H obtained by localizing A ⊗ H at p is free of finite rank. Furthermore, E p may be identified with an A p -submodule of A p ⊗ H generated by d elements whose images in k(p) ⊗ H are linearly independent over k(p). 
For every projective A-module P we have
(this is clear for free A-modules, hence also for their direct summands). If b ∈ J and
On the other hand J ⊂ p since I ⊂ p and p is prime. It follows that J ⊂ I by the maximality of I. In fact J = I since the opposite inclusion is obvious. Let a ∈ A. By (4.1) there for every projective A-module P (the verification reduces again to free A-modules).
Since J ⊂ p for every p ∈ Spec A, all elements of J are nilpotent. Hence J = 0 by the assumption on A. Using Claim 1 and (4.3) with P = (A ⊗ H)/E, we get
Hence B ⊂ E as well. Then B = E since the opposite inclusion is obvious. This completes the proof of Claim 2.
which is a B-submodule. Clearly E M coincides with the image of the map
induced by the inclusion of B into A ⊗ H. Since B is an A-module direct summand of A ⊗ H, the map above is injective, and so E M ∼ = M ⊗ A B.
Claim 3. Each element of E M can be written as
Proof. Let s be as in Lemma 3.4(iii). Put
so that E ⊂ B ⊂ A ⊗ H. Both B and E are A-submodules of A ⊗ H with respect to the action of A by left multiplications on the first tensorand. Localizing at s, we obtain a chain of In particular, B s = E s . Now B is a finitely generated A-module since so is A⊗H and A is Noetherian. Hence there exists an integer m > 0 such that (s m ⊗ 1) · B ⊂ E. Let F be a free A-module with a basis e 1 , . . . , e d . Consider the A-module homomorphism ϕ : F → A ⊗ H such that e i → δ(a i ) for each i = 1, . . . , d, and put R = ker ϕ. The localization of ϕ at s is an isomorphism of F s onto B s , whence R s = 0. The A-module R is finitely generated as A is Noetherian. It follows that there exists an integer l > 0 such that s l R = 0. Taking n = m + l, we will show that the conclusion of the lemma is fulfilled. Put T = A ⊗ H considered as a ring extension of A by means of the ring homomorphism δ : A → A⊗H. We claim that T is a projective right A-module with respect to δ. The K-linear transformation ν of A ⊗ H such that a ⊗ h → (1 ⊗ h) · δa for a ∈ A and h ∈ H is invertible (the assignment a ⊗ h → (1 ⊗ h) · (id ⊗σ −1 )(δa) defines the inverse transformation). As ν(ab ⊗ h) = ν(a ⊗ h) · δb for all a, b ∈ A and h ∈ H, one sees that ν is an isomorphism between the two A-module structures on A ⊗ H obtained via ring homomorphisms b → b ⊗ 1 and δ, respectively. As H is K-projective, A ⊗ H is projective with respect to the first of these two module structures, hence also with respect to the second one.
By projectivity of T over A we obtain an exact sequence of T -modules
where ψ = id ⊗ϕ and the isomorphisms shown are such that y ⊗ z in T ⊗ A (A ⊗ H) goes to (y ⊗ 1) · (δ ⊗ id)(z) in A ⊗ H ⊗ H where y, z ∈ A ⊗ H. As δs = s ⊗ 1 is in the center of T , we get 
Semisimple stabilizer subalgebras and total integrals
For each p ∈ Spec A consider the left coideal subalgebra St(p) ⊂ k(p) ⊗ H * corresponding to the right coideal subalgebra O(p) ⊂ k(p) ⊗ H (see Proposition 1.6). We call St(p) the stabilizer subalgebra associated with p. This name is justified by the next lemma. We may regard k(p)⊗ A as an H-comodule algebra with respect to the map id ⊗δ or as a comodule algebra for the Hopf algebra k(p) ⊗ H over k(p). Then k(p) ⊗ A is also a module over k(p) ⊗ H * .
Its underlying K-module is finitely projective as well [7, Ch. II, §7, Cor. 3.7] . Put H = u(L) * so that H * ∼ = u(L). Every homomorphism of p-Lie algebras L → Der K A into the p-Lie algebra of K-linear derivations of A gives rise to an action of u(L) on A which makes A into a u(L)-module algebra, hence into an H-comodule algebra. 
